Dear Editor, N 6 -methyladenosine (m 6 A) is a common modification of mRNA that is catalyzed by the Mettl3-Mettl14 methyltransferase complex 1 , with WTAP as its regulatory subunit 2 . The physiological importance of m 6 A has been evidenced by its pivotal roles in tissue development and differentiation [3] [4] [5] [6] [7] [8] [9] . Hematopoietic stem cells (HSCs) are self-renewable multipotent progenitor cells that sustain all blood cell lineages throughout life. It has been well recognized that epigenetic modifications, such as histone or DNA modifications, are implicated in HSC self-renewal 10 . Recent studies have shown that the mRNA modification m 6 A also functions in the hematopoietic system. In human, Mettl3-Mettl14-mediated m 6 A was found to promote the development of acute myeloid leukemia and maintain leukemia-initiating cells 5, 6, 11 . In zebrafish and mouse, knockdown of Mettl3 blocked the endothelial-tohematopoietic transition during embryonic development, thereby repressing the generation of the earliest HSCs 7 . Surprisingly, deletion of Mettl3 in Vav1-cre; Mettl3 fl/fl mouse embryos did not have a significant effect on the number or function of E10.5 fetal hematopoietic stem and progenitor cells (HSPCs) 4 , suggesting that cell-autonomous m 6 A is dispensable for HSC self-renewal during early development. Conditional deletion of Mettl14 in adult mice caused a mild but significant reduction of the hematopoietic repopulation ability in recipient mice 6 . The repopulation defect observed in Mettl14-deficient bone marrow cells could be interpreted as a myeloid differentiation defect or a defect in HSC self-renewal. However, until now, there is a lack of evidence that m 6 A plays a role in HSC self-renewal in the bone marrow. In this study, we took genetic approaches to investigate the physiological roles of Mettl3 and Mettl14 in the regulation of HSC self-renewal in adult mouse bone marrow.
By quantitative real-time PCR, we detected the expression of both Mettl3 and Mettl14 in many hematopoietic cell populations, including HSCs (Fig. 1a, b and Supplementary information, Figure S1a -c, Table S1 ). To address the potential roles of m 6 A in HSC self-renewal in adult bone marrow, we crossed Mx1-cre mice with Mettl3 fl/+ and Mettl14 fl/+ mice 3 , respectively, to generate Mx1-cre; Mettl3 fl/fl and Mx1-cre; Mettl14 fl/fl mice. By administering polyinosine-polycytosine (pIpC) to these mice at 6 weeks of age every other day for 10 days ( Fig. 1c) , we were able to achieve 100% deletion of Mettl3 or Mettl14 from CD48 (Fig. 1d, e) . Notably, the m 6 A level in Mx1-cre; Mettl3 fl/fl mice was significantly lower than that in Mettl14 fl/fl mice (Fig. 1e) . Thus we confirmed that the Mettl3-Mettl14 complex catalyzes m 6 A formation in HSPCs.
Next, we utilized the conditional mutant mice to investigate the specific roles of Mettl3 and/or Mettl14 in regulating hematopoiesis and HSC self-renewal in adult bone marrow (see Supplementary data S1 for detail methods). At 6 weeks after pIpC treatment, the bone marrow cellularity of either Mx1-cre; Mettl3 fl/fl or Mx1-cre; Mettl14 fl/fl mice was indistinguishable from their littermate controls (Fig. 1f) . When analyzing the bone marrow cells by flow cytometry, we observed an approximately ten-fold increase of the frequency of CD48
− HSCs in the bone marrow from Mx1-cre; Mettl3 fl/fl mice relative to controls (Fig. 1g, h ). In contrast, Mx1-cre; Mettl14 fl/fl mice did not show significant changes of the frequency of bone marrow HSCs as compared to control mice (Fig. 1g, h ). Thus conditional deletion of Mettl3, but not Mettl14, expands the phenotypic HSCs in adult bone marrow.
To test whether deletion of Mettl3 and Mettl14 has synergistic effect on hematopoiesis and/or HSC frequency in the bone marrow, we analyzed the Mx1-cre; Mettl3 
; Mettl14
fl/fl mice was significantly lower than that from control or Mx1-cre; Mettl14 fl/fl mice but was similar as that from Mx1-cre; Mettl3 fl/fl mice (Fig. 1d, e) . The bone marrow cellularity of Mx1-cre; Mettl3 fl/fl ; Mettl14 fl/fl mice did not differ from that of control or other single mutant mice (Fig. 1f) . The HSC frequency in the bone marrow from Mx1-cre; Mettl3 fl/fl ; Mettl14 fl/fl was significantly higher than that from control or Mx1-cre; Mettl14 fl/fl mice but was comparable with that from Mx1-cre; Mettl3 fl/fl mice. (Fig. 1g, h ). These data suggest that the functions of Mettl14 in m 6 A formation and HSC regulation are dependent on Mettl3. Next, we performed long-term competitive reconstitution assay to assess the effect of Mettl3 or Mettl14 deletion on HSC selfrenewal in recipient mice. 300,000 bone marrow cells from control or Mx1-cre; Mettl3 fl/fl mice, together with 300,000 recipient-typed bone marrow cells, were transplanted into lethally irradiated mice. At 4 months after bone marrow transplantation, we detected a significant reduction of donor-derived myeloid, B and T cells in the peripheral blood of recipient mice that were transplanted with bone marrow cells from Mx1-cre; Mettl3 fl/fl mice, demonstrating that HSCs from Mx1-cre; Mettl3 fl/fl mice had significantly lower long-term reconstituting activity in all hematopoietic lineages than controls (Fig. 1i, j) . Notably, bone marrow cells from Mx1-cre; Mettl14 fl/fl mice also conferred lower long-term reconstitution activity in myeloid lineages than controls, but their B and T cell lineage-reconstituting activity was indistinguishable from control bone marrow cells (Fig. 1i, j) . Consistent with this, bone marrows from Mx1-cre; Mettl3 fl/fl and Mx1-cre; Mettl14 fl/fl donor mice resulted in significantly lower HSC chimerisms in the bone marrow and spleen in recipients than controls (Fig. 1k) . We then transplanted bone marrow cells from primary into secondary recipient mice. At 4 months after the transplantation, myeloid, B, T cells, and HSCs from Mx1-cre; Mettl3 fl/fl or Mx1-cre; Mettl14 fl/fl mice were mostly depleted from the recipients (Fig. 1l) . Thus Mettl3 and Mettl14 are both required for the self-renewal and hematopoietic reconstitution of HSCs upon transplantation into recipient mice. The increased cell number but reduced self-renewing capacity of Mettl3-null HSCs raised the possibility that Mettl3 maintains HSCs in a quiescent state. Cell apoptosis seemed not a relevant factor as Mettl3-or Mettl14-deficient HSCs had similar frequency of Annexin V + cells as control HSCs (Fig. 1m and Supplementary information, Figure S3 ). We then measured the bromodeoxyuridine (BrdU) incorporation ratio of HSCs, which indicates the cycling of HSCs in a defined time period. At 3 days after BrdU injection, 17 ± 6.7% of all bone marrow HSCs became BrdU + in Mx1-cre; Mettl3 fl/fl mice, significantly higher than 5.5 ± 1.9% in control mice (Fig. 1n, o) , suggesting that Mettl3 deletion drives HSCs into cell cycle. In contrast, Mx1-cre; Mettl14 fl/fl mice did not show significant changes to the ratio of BrdU + HSCs (Fig. 1n, o) . Consistent with the increased HSC cycling in Mx1-cre; Mettl3 fl/fl mice, the expression of many genes that regulate HSC selfrenewal were significantly reduced in Mettl3-null HSCs, including Nr4a2, p21, Bmi-1, and Prdm16 (Fig. 1p) . Mettl14 deletion also reduced the expression of Bmi-1 and Prdm16 in bone marrow HSCs (Fig. 1p) . When the expression of HSC differentiation genes, including Ikaros, PU.1, and Mef2c, were analyzed, we did not detect any significant difference among Mx1-cre; Mettl3 , and control mice (Fig. 1q) . Taken together, in this study, we provided the evidence that Mettl3 is a pivotal regulator of HSC self-renewal in adult bone marrow. It functions through promoting the expression of genes that maintain HSC quiescence. The accumulation of phenotypic HSCs in Mettl3-deficient mice (Fig. 1g ) is most likely due to a loss of HSC quiescence (Fig. 1n, o) , although it may be also attributed to an alteration of surface marker expression on HSCs. By studying the single and compound knockouts of Mettl3 and Mettl14 in HSC regulation, our work supported the idea that Mettl3 dominates the function of m 6 A methyltransferase complex in catalyzing m 6 A formation and regulating tissue functions. These findings supported previous structural and biochemical studies demonstrating that Mettl3 is the unique catalytic subunit of the complex 12, 13 .
